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There has been considerable work with focal injections of cholinergic om- 
pounds in the brain. Early work by Hernandez-Pe6n et al. 11, Mazzuchelli-O'Flaherty 
et al. 16, Cordeau et al. 4, George et al. s, and Baxter 1suggests that cholinergic stimula- 
tion of the brain can induce sleep, REM sleep or motor inhibition akin to that seen in 
human cataplexy. Since the narcolepsy--cataplexy syndrome in humans is wide- 
spread 5,7 and has recently attracted much attention6,19, these sleep and motor inhibito- 
ry effects are of particular interest. An experimentally producible animal model of 
narcolepsy-cataplexy would be of use in evaluating treatments for cataplexy. To 
this end, an animal model of narcolepsy-cataplexy should show one or more of 
the following behaviors: 
(a) Sleep-onset REM periods. Abnormally abrupt ransitions from wakefulness 
to REM sleep with rapid-eye-movements, low voltage fast EEG, motor inhibition, 
and PGO waves after no more than 1-3 min of intervening drowsiness and/or slow- 
wave sleep. 
(b) Sleep 'attacks'. Short periods of slow-wave sleep occurring at behaviorally 
inappropriate times, i.e., during play or eating. 
(c) Cataplexy. Motor inhibition, a sudden loss of muscle tonus and of somatic 
reflexes while EEG arousal and wakefulness are maintained. 
These studies were an attempt to re-evaluate he phenomenon reported by Cor- 
deau and his associates 4 and George and his associates 8 that carbachol injections in 
cat brain stem could induce motor inhibition and/or a REM-sleep-like state reminis- 
cent of narcolepsy-cataplexy. We therefore selected a single target site in the pontine 
reticular formation shown previously to reliably produce these REM sleep processes 
when stimulated with carbachol s. Furthermore we used bilateral injections to maxi- 
mize our chances of seeing the drug-induced phenomena. Of particular interest o us 
was the degree and quantifiability of any motor inhibition observed and the degree 
of similarity the drug-induced REM sleep, reported by Cordeau et al. 4 and George 
et al. 8, bears to normal REM sleep. 
Present data were gathered on 5 chronically implanted and two acutely implant- 
ed male cats. Each animal was surgically implanted with EEG, EOG, EMG, and sub- 
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cortical PGO electrodes. Additionally, each cat received screw (stimulating) electrodes 
in the lower jaw bone and wire (recording) electrodes in the digastric muscle so that 
the brain stem, polysynaptic, digastric reflex 3could be elicited and quantified continu- 
ously for amplitude changes during wakefulness-sleep and during drug-induced states. 
Finally, cannulae (23-gauge outer, 25-gauge inner, fitted with a 23-gauge moveable 
sleeve to allow for experimental variation in length) were implanted bilaterally and 
symmetrically in the pontine reticular formation (stereotaxic oordinates from 
Berman2: P 1.0-2.0, L 1.5-2.5, H --1.5 to --2.5). The cannulae were situated so that 
the tip of the inner (injection) cannula was 1 mm below the outer (guide) cannula. The 
inner cannula was then removed and replaced with a stilet of equal length and diam- 
eter. All cannula placements were verified histologically at the conclusion of the 
experiments u ing 80 #m, cresyl-violet stained serial sections beginning rostrally at the 
anterior boundary of the inferior colliculus and ending caudally with the last trace of 
cannula track. 
For experiments with chronically implanted cats, every trial involved recording 
at least one normal sleep cycle consisting sequentially of wakefulness, slow-wave 
sleep and REM sleep. Then bilateral doses of 5/~g of carbamylcholine chloride in 1 
/d saline vehicle (pH = 6.7) were delivered one side at a time. Each injection lasted 
45-60 sec. Left-right order was randomized across cats and across repeated trials on 
the same cat. A total of 14 pairs of bilateral injections were studied in each of 5 
chronic animals. Four trials were polygraphically monitored for at least 3 h post- 
injection and 10 were monitored until a normal sleep cycle again appeared. The drug 
effects of behavioral and electroencephalographic arousal were always seen within 
1-10 min post-injection. After I h post-injection, if no motor inhibition was seen, 
stilets were replaced and the experiment was regarded as a negative case. With each 
cat, if a maximum of 3 negative cases were obtained at one bilateral site, the inner 
cannulae were lengthened by 1 mm for a future experiment wi h the same animal. 
Repeated carbachol injections in any animal were always separated by a minimum of 
2 weeks. If two successive injection sites produced no motor inhibition, the animal was 
sacrificed. 
We found no evidence of motor inhibition in 9 experiments with two cats. In 
these animals, arousal was always pronounced and often accompanied by panting and 
excessive salivation. Normal sleep cycling did not reappear for as long as 30-40 h. In 
one case, the animal remained totally insomniac for over 36 h. 
Motor inhibitory states, similar to those reported by George and his associates 8, 
immediately followed the first arousal effects of the drug in 6 experiments with 3 cats. 
Such effects were characterized by slow 'melting' into a sleeping posture. Panting and 
salivation were frequently present as well as large, rapid, nystagmoid eye movements. 
These cats remained flaccid, immobile, and areflexic (note the profound depression of 
the digastric reflex in Fig. lb) for 15-40 min. After the initial atonic episode, these cats 
appeared to gradually recover normal motor behavior during the next 20-30 rain, 
and then to alternate between wakefulness and an atonic state. In one cat, long periods 
of atonia (up to 90 min) with dense PGO activity and/or nystagmus, were interrupted 
only by brief periods of wakefulness for the next 20-27 h. Like the experiments with- 
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Fig. 1. These tracings represent the effects of bilateral micro-injections of carbachol in the pontine 
reticular formation of chronically implanted cats. a: baseline; b: early response to injection; c: 
representative episode f atonia 7 h post-injection; d: representative episode of atonia 15 h post- 
injection. Note the eye movement and PGO activity during atonic periods. 
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Fig. 2. These tracings ummarize ffects observed when bilateral micro-injections of carbachol were 
given in a C2 sectioned, enc6phale isol6 preparation, a: baseline, note the tonic EMG activity and 
presence of the digastric reflex, b: representative episode of atonia; note diminution of EMG activity 
and low amplitude of digastric reflex. Nystagmoid eye movements and attendant LGN and cortical 
potentials are also present, c: failure of atropine to block motor inhibition; note abrupt EMG 
diminution and associated cortical desynchronization. 
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out motor inhibition, sleep was profoundly disturbed; normal sleep cycles often 
required over 30 h to reappear. Such prolonged effects may be associated with the 
report by George et  al. s of a 4-6 day period after cholinergic stimulation when cats 
were refractory to further micro-injections. Our findings are summarized in Fig. I. 
It should be emphasized that in no instance did the injection precipitate sleep or 
REM sleep. Occasionally, several hours post-injection, motor inhibitory periods with 
PGO activity and nystagmus were deceptively similar to REM sleep. However, close 
inspection of the first and subsequent motor inhibitory periods of each experiment 
revealed that the cat was indeed awake. The animal could blink to threat and make 
following eye movements although somatic reflexes, including the digastric reflex, 
were suppressed. Subsequent, recurring atonic episodes could be shortened by loud 
noises or handling, but seemed to recur egardless of environmental changes. 
In two of the 6 experiments involving motor inhibition we focally injected atro- 
pine sulfate (1/~g in 2 #l vehicle pH adjusted to 5.5) during the first motor inhibitory 
episode. Atropine sulfate appeared to reverse motor inhibition in these chronic prepa- 
rations. In both experiments, after an initial carbachol-induced motor inhibition was 
firmly established, pairs of bilateral atropine injections were followed, within 2-5 rain, 
by the cats getting up and moving freely about the recording chamber. No motor 
inhibition recurred uring either session. Atropine did not, however, completely re- 
verse the disruption in sleep. While no atonic states were seen after the focalinjections of 
atropine, animals remained insomniac for as long as 40 h. 
We also studied the effects of carbachol and atropine micro-injections in two 
acute enc6phale isol6 cats (C2 sections) implanted with recording and stimulating 
electrodes similar to those used in our chronic cats. In the first cat no motor inhibition 
was observed. In the second, a cataplectic-like state appeared 39 rain after bilateral 
injection of 2.5 #g carbachol in 1 #1 of vehicle. The motor inhibitory episodes were 
from 6 to 15 sec in duration and recurred on the average of every 1 rain. The episodes 
lengthened and became more frequent after a second bilateral administration of 5 #g 
carbachol in 2 #l at 75 rain after the first injection. Atropine (2/~g in 4/~l) appeared to 
have no effect on the motor inhibition of the acute enc6phale isol6 preparation. These 
data are summarized in Fig. 2. 
Fig. 3a is a representative coronal section from a chronic cat showing the loca- 
tion of our cannulae. Fig. 3b summarizes the location and experimental results for all 
bilateral placements. It should be noted that the sites associated with motor inhibition 
were concentrated 1-1.5 mm ventral to the lateralmost aspects of the central grey at 
the level of the inferior colliculus. These histological results confirm that we were 
studying one of the active sites described by George et al. 8. It remains unclear why we 
observed behavioral responses to the micro-injections comparable only to the 'Type 
II' (cataplectic-like) effect andnever to the 'Type I' (REM-sleep-like) effect described 
by George and his co-workers. 
The localization in this area of the cat pons (often referred to as the locus coeru- 
leus 13) is also significant in light of the work by Jouvet's group 13 and by Henley and 
Morrison 9 showing that bilateral lesions in these pontine areas dramatically block the 
motor inhibition of REM sleep. Our carbachol studies confirm that chemical stimula- 
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Fig. 3. This figure presents histological verification of cannula placement, a: representative coronal 
section through the ports at the level of the inferior colliculus. Note the bilateral lesions ju t below and 
lateral to the central grey. In the serial slides immediately caudal to this one, the lesion on the right 
side disappears and the lesion on the left side moves ventrally approximately 1 mm. This apparent 
lack of symmetry may be due to making sections lightly off the coronal plane, to slight anatomical 
asymmetry, or to slight errors in stereotaxic placement, b: summary of placements drawn on a styliz- 
ed coronal section at the P 1.5 level. The 4 pairs of numbers enclosed by circles denote sites in which 
bilateral carbachol micro-injections precipitated motor inhibition; the 3 pairs of numbers enclosed 
by squares denote negative sites; 'A' prefixes refer to acute cats and 'C' prefixes refer to chronic ats. 
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tion of fibers and/or cells in this area results in motor inhibition with PGO activity 
and/or nystagmatic rapid-eye-movements. Furthermore, the combined carbachol and 
atropine data suggest hat such components of REM sleep may be at least partially 
cholinergic in nature. More conclusive data are needed to clarify how acetylcholine 
might mediate hese phenomena. Nevertheless the implication of the present data of 
acetylcholine in PGO activity is consistent with other studies suggesting that REM- 
sleep-like PGO waves and oculomotor activity depend on cholinergic mecha- 
nismsl0,12,14,15,18. 
In conclusion, we found that cataplectic-like behavior can be induced by focal 
injections of carbachol and that the drug effect is prolonged with atonic periods often 
including PGO wave activity and/or nystagmus alternating with periods of arousal for 
up to 48 h. This prolonged effect may partially explain why earlier studies  indicated 
that after a motor inhibitory effect was obtained, animals were refractory for several 
days to further cbolinergic injections. Further, we have demonstrated the effectiveness 
of atropine in reversing the effect in our chronic animals. It is unclear why atropine 
had no effect in our acute preparation. 
At this point, however, we are skeptical that cholinergic stimulation of the type 
studied here can be regarded as a general model for narcolepsy-cataplexy. First, 
neither sleep-onset REM periods nor sleep attacks were observed. Second, while 
cataplectic-like states were obtained, such periods were unlike human cataplexy in 
that they were accompanied by effects uch as panting, salivation and nystagmus. It
is true that these non-cataplectic-like responses may have been the result of generalized 
cholinomimetic stimulation and/or mechanical stimulation to the many fibers involved 
in respiraton and eye movements which course through the pontine reticular forma- 
tion iv. However, such side effects sufficiently complicate the data to justify our reser- 
vations regarding an animal model. On the other hand, our findings are consistent with 
the hypothesis that there is a descending, cholinergic, motor inhibitory pathway in- 
volving the pontine reticular formation which can be brought under experimental 
control. This pathway may be involved in the motor inhibition of REM sleep and cata- 
plexy. We are presently examining, clinically, the hypothesis that some dysfunction i  
such a pathway is associated with narcolepsy-cataplexy. 
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